Abstract: Terrestrial mammals are strongly influenced by seasonal changes in environmental conditions. Studies of animal space use behaviour are therefore inherently seasonal in nature. We propose an individual-based quantitative method for identifying seasonal shifts in caribou movement behaviour and we demonstrate its use in determining the onset of the winter, spring dispersal, and calving seasons. Using pooled data for the population we demonstrate an alternate approach using polynomial regression with mixed effects. We then compare individual onset dates with population-based estimates and those adopted by expert consensus for our study area. Distributions of individual-based onset dates were normally distributed with prominent modes; however, there was considerable variation in individual onset times. Population-based estimates were closer to the peaks of individual estimates than were expert-based estimates, which fell outside the onetailed 90% and 95% sample quantiles of individually-fitted distributions for spring and winter, respectively. Both expertand population-based estimates were later for winter and earlier for both spring and calving than were individual-based estimates. We discuss the potential consequences of neglecting to corroborate conventionally used dates with observed seasonal trends in movement behaviour. In closing, we recommend researchers adopt an individual-based quantitative approach and a variable temporal window for data set extraction.
Introduction
The life history traits of mammals are in no small part a function of the bioclimatic environments in which they live (Klein, 1982) . In the northern boreal forest of Canada, the biological activity of terrestrial mammals is regulated by seasonal shifts in temperature and precipitation which, in turn, directly or indirectly influence the quality and availability of forage and refuge habitat (Pruitt, 1957; Telfer & Kelsall, 1984; Post & Stenseth, 1999) . Members of the Cervidae family, for example, exhibit growth dormancy in winter when the metabolic demands of thermoregulation are high and plant nutrients essential for body tissue development are in short supply (Irving et al., 1955; Wood et al., 1962; McEwan, 1970) . Likewise, displacements are limited at this time in order to minimize heat loss and the depletion of body reserves (McEwan & Whitehead, 1970; Ozoga & Gysel, 1972; Gates, 1979; Ferguson & Elkie, 2004) . Spring, in contrast, is a time of increased energetic expenditure when the demands of pregnancy reach their peak and female cervids prepare to give birth (Moen, 1976) . Forest-dwelling woodland caribou (Rangifer tarandus caribou) make concerted movements away from wintering areas at this time as a means of attaining low densities and thereby reducing detection by predators (Bergerud & Page, 1987; Cumming & Beange, 1987; Rudolph, 2011) . The punctuated movements of spring dispersal come to an abrupt halt at parturition, when nursing caribou become virtually immobile, functionally limited in their movements for up to several weeks until calves are vigorous enough to travel (Lent, 1966; Espmark, 1971; Clutton-Brock & Guiness, 1975) . This period coincides with the emergence of high-quality plant vegetation required for lactation and, consequently, calf development (Klein, 1990; Lantin et al., 2003; Post et al., 2003) .
Like many species, caribou exhibit shifts in biological activity that parallel changes in their natural environment. For this reason, investigations of their space use behaviour tend to differentiate between seasons based on conventional knowledge of populations, climatic conditions, and plant phenology (e.g. Rettie & Messier, 2000; Brown et al., 2003 , Apps et al., 2001 Jones et al., 2007; Hins et al., 2009) . Few studies, however, recognize and account for temporal variation in seasonal processes, which could have important consequences for biological inference. Calving, for example, is a relatively predictable biological event that tends to be well defined for populations based on field observations (Rettie & Messier, 2001) . Despite this, the peak onset of calving can vary annually by as much as 15 days (Eloranta & Nieminen, 1986; Cameron et al., 1993; Post & Klein, 1999; Flydal & Reimers, 2002) . Furthermore, calving times for individuals within a population may vary by as much as a month or more (Bergerud, 1975; Eloranta & Nieminen, 1986; Post & Klein, 1999; Ferguson & Elkie, 2004 ). Conceivably, then, failure to account for either source of variation (whether individual or annual) could mean including several weeks of migratory behaviour in a characterization of caribou calving site selection.
However accurate the dates we choose, using a fixed temporal window to study seasonal phenomena may generate biased results due to inter-individual variation. Given the variable and often unpredictable behaviour of free-ranging animals (Gustafson & Gardner, 1996; Johnson et al., 2001; Gustine, 2005) , we propose an approach to analyzing seasonal space use that accounts for individual variation in seasonal onset times. We argue that by varying the temporal window of analysis to more effectively capture the biological phenomenon under investigation, we can improve ecological studies by reducing misclassification, thereby improving biological inferences.
A number of quantitative approaches have been used to identify seasonal shifts in the behaviour of woodland caribou. These require a priori biological knowledge and can be rule-based (Mahoney & Schaefer, 2002; Saher & Schmiegelow, 2005; Courbin et al., 2009) or model-based (Ferguson & Elkie, 2004; Dyke, 2008; Vander Wal & Rodgers, 2009) . We propose a model-based approach called recursive partitioning, which can be used to locate changes in the distribution of movement parameters over time using iterative analyses of variance (ANOVA) and prior knowledge of species life history. We demonstrate how this approach can be used to delineate three contrasting seasonal periods in the annual life cycle of woodland caribou: winter, spring dispersal, and calving. Finally, we compare the results of this approach with 1) dates obtained using polynomial regression with pooled data (population estimates), and 2) dates adopted by expert consensus (conventional estimates) for our study area in northern Quebec. 1) . Part of the black spruce-feathermoss bioclimatic domain, it is dominated by black spruce (Picea mariana) in association with feathermoss (Pleurozium schreberi) and/or various lichen species. Jack pine (Pinus banksiana) and balsam fir (Abies balsamea) occur to a lesser extent, in addition to trembling aspen (Populus tremuloides), paper birch (Betula papyrifera), tamarack (Larix laricina), and (rarely) balsam poplar (Populus balsamifera). Forest understory is dominated by mosses and ericaceous shrubs with few herbaceous species. The western flank of the region forms part of the Clay Belt and is dominated by large sphagnum bog and fen complexes. Terrain is broad and mildly sloping with occasional topographic relief. Elevation ranges from 45 to 825m and there are numerous rivers and waterways interconnecting the region. Treed wetlands and upland forest intersperse with bog/fen complexes and lichen or shrub-dominated uplands with occasional rock barrens. The region receives approximately 960 mm of precipitation annually with monthly average temperatures ranging from -19 o (January) to + 16 o (July) Celsius. Constituting Québec's second-largest timber supply region, the study area encompasses both the northern limit of commercial forestry activity and the southern limit of continuous woodland caribou distribution (Courtois, 2003) . Primary disturbances include forest fire (100-500 year fire cycle; Bergeron et al. 2001) and forest harvesting, which is presently concentrated in the southern portion of the study area. Large mammal species in addition to forestdwelling woodland caribou include, moose (Alces alces), wolf (Canis lupus) and black bear (Ursus americanus). Reliable population estimates are unavailable, but caribou densities are estimated to be between 1.5 and 2.1/100 km 2 , with individuals occupying average annual home ranges of ~4386 km 2 (St-Pierre et al., 2006) . In the northern sector, infrequent range overlap takes place with populations of the tundraforest ecotype of woodland caribou (Rangifer tarandus caribou) .
Study area

Methods
Caribou capture and GPS telemetry
Animal relocation data were obtained via GPS (Global Positioning System) collar transmitters (Telonics model TGW 3680) fitted on 26 female caribou by members of the Québec Ministry of Natural Resources and Wildlife in March 2004 and January 2005. Captures were conducted using ASTAR 350BA or EC120 helicopters and a net gun (Potvin & Breton, 1988) . Individuals sampled were evenly distributed across three regional populations: the Nottaway (west), Assinica (central), and Témiscamie (east) (Fig. 1 ). Collars were programmed to transmit locations every seven hours and data was compiled in March 2007. Relocations were filtered for positional accuracy in order to remove large location errors: those based on 4 or more satellites (3-D) were eliminated if they had corresponding horizontal dilution of precision (HDOP) values greater than or equal to 25, whereas those based on 3 satellites (2-D) were eliminated if they had HDOP values greater than or equal to 8 (Dussault et al., 2001) . The Horizontal Dilution of Precision reflects the horizontal accuracy (latitude/longitude) of GPS position fixes by adjusting the error estimates according to the geometry of the satellites used. This resulted in a roughly 4% data reduction per individual.
Although movement rates have been known to vary among female caribou according to reproductive status (Paré & Huot, 1985; Fancy & Whitten, 1991; Ferguson et al., 1998) , high pregnancy rates are pervasive in woodland caribou populations so we assumed by 26 collared female woodland caribou dispersed across three regional populations: the Nottaway, Assinica, and Témiscamie. Primary road networks are also depicted along with the current limit of commercial forestry.
no error due to variation in reproductive condition (Parker, 1981; .
In order to render our data temporally uniform, we reduced data sets to one relocation per individual per day, retaining that relocation obtained closest to 12:00 noon. Because estimates of movement rates may be biased when fix interval varies (Johnson et al., 2002) , distance calculations based on more than one consecutive day between successive relocations were not retained for analyses. Furthermore, individual-year combinations comprising less than 100 observations were eliminated from analyses. Resulting sample sizes ranged from 231 to 365 (x̄ = 319).
Temporal focus of study
We chose the winter, spring and calving seasons because they represent critical periods in the annual life cycle of woodland caribou (Darby & Pruitt, 1984; Environment Canada, 2008) . We were also particularly interested in characterizing spring dispersal behaviour of boreal caribou (Rudolph, 2011) . Our goal, therefore, was to identify peak onset dates for the winter, spring dispersal, and calving periods on an individual basis through quantitative analysis of movement patterns. We began by calculating two movement parameters for each individual: movement rate (km/day) and net displacement (km). Movement rate was logarithmically transformed to improve normality. Net displacement was defined as the Euclidean distance between an animal's location on any given day and its location on January 10 of the same year; this date was chosen as the "anchor" point because most individuals were found to have settled into their wintering areas by this time. We then proceeded to calculate daily averages for each parameter (individuals and years pooled). Visualizing trends in pooled averages over time permitted us to identify temporal neighbourhoods corresponding with seasonal changes in the movement behaviour of our study population. All computations were done using R Version 2.9.0 (R Development Core Team 2010) (R code is available through the authors upon request).
Individual-based modeling
In order to minimize noise attributed to periodic variation in individual movement behaviour (e.g. circadian rhythms), prior to proceeding we applied a 4-term (1 observation/day) smoothing window (moving average) over the raw movement parameters observed for each individual-year time-series (Rudolph, 2011) . We chose 4 terms because correlograms of residual distances (y) over time (x) demonstrated a significant recurring pattern every 4 days for the majority of individual-year distributions based on Moran's I.
We used the R package rpart to model movement rate (km/day) and net displacement (km) as a function of Julian day (origin = January 1) using recursive partitioning to progressively subdivide the smoothed values into temporally homogenous groups (De'ath & Fabricius, 2000; Therneau et al., 2010) . Smoothed movement rates were log-transformed to improve normality. The rpart algorithm iteratively performs analyses of variance to produce a univariate regression tree in which temporally discrete blocks are optimally partitioned so as to maximize the between-groups sums of squares (Therneau & Atkinson, 2011) . A complexity parameter is incorporated to permit only those partitions which improve the explained variance by an established threshold (i.e. ΔR 2 >= 0.01). Cross-validation is employed to obtain the predicted error, and the optimal tree is determined based on the lowest estimate plus or minus one standard error.
In order to determine individual onset dates for winter, spring dispersal and calving, we conducted two recursive partitioning exercises (one for each parameter or response variable) for each individualyear distribution. Due to inherent variation in movement behaviour, there were occasionally numerous statistically plausible choices for the onset of a given season, which necessitated a priori knowledge of caribou biology. The first model (log(movement rate) ~ Julian day) provided the candidate breakpoints. Since spring dispersal is generally demarcated by important displacements from late winter ranges to traditional calving areas (Courbin et al., 2009) , breakpoints obtained via the second model (net displacement ~ Julian day) gave weight to our final choice of onset dates, in particular with respect to the beginning and end of spring dispersal (Fig. 2) .
In order to provide enough data to effectively capture the onset of winter, we included the previous year in recursive partitioning exercises when selecting for these dates. Individuals displaying erratic behaviour (i.e. considerable deviation from mean observed pattern) and those missing data during critical periods of interest were excluded from subsequent analyses for the year(s) in question. Once the onset dates of winter, spring dispersal, and calving had been determined for every qualifying individual-year data sequence, population means (μ) and their associated standard errors (SE) were estimated for each season using a non-parametric bootstrap procedure (Efron & Tibshirani, 1986) . Means were considered the most appropriate summary statistic given that individual onset dates were normally distributed.
Population-based modeling
As a point of comparison, we developed a populationbased polynomial regression model with mixed effects in order to estimate the onset dates of winter, spring dispersal, and calving periods based on seasonspecific shifts in movement rate (log-transformed to improve normality) as a function of Julian day (origin = Jan. 01). This is similar to the approach published by Ferguson & Elkie (2004) ; however because we were working with a sample of a much larger population and wished to take into account individual and annual variability in seasonal onset behaviour, a random intercept was specified for each individual and each nested individual-year combination. Specifying the grouped structure of the data ensured that the individual animal was considered the sample unit and that population estimates were unaffected by variable sample sizes (Gillies et al., 2006) . Population-based models were estimated using Maximum Likelihood and the R package nlme (Pinheiro et al., 2010) . Polynomials were independently re-centered about their respective means (orthogonal polynomials) to facilitate convergence and eliminate correlation between terms. The model takes the following form: ... + b k x k , where b k is the variance-covariance matrix of the random effects and ε i is an estimation of the residual error.
We compared a series of candidate models in which polynomial terms were sequentially added and Akaike's Information Criterion for small sample sizes (AIC c ) was calculated iteratively to identify the best candidate model based on the principle of parsimony. In order to define at least three seasons, we began with five terms and sequentially added up to 25 polynomial terms, stopping at the first model in the sequence where ΔAIC c ceased to be negative, the best candidate model being the one immediately prior. Inflection points in the fitted curve indicated seasonspecific changes in movement rate, and these were obtained by solving for x=0 in the second derivative of the fixed effects component of the regression equation (Ferguson & Elkie, 2004) . [2004] [2005] [2006] [2007] . Movement parameters (1 observation/day per individual) were derived from GPS locations transmitted from ARGOS telemetry collars. The onset of late winter is marked by a significant drop in movement rate in early January (1st dashed line from left). The onset of spring dispersion is marked by a sudden increase in both movement rate and net displacement in early April, followed by a drop in both variables in late May that marks the onset of calving (rightmost pair of dashed lines). Fig. 4 . Distribution of individual onset dates determined via recursive partitioning for 26 female caribou from Northern Quebec pooled over three years. Movement rate (km/day) and net displacement (km) were derived from GPS locations transmitted from ARGOS telemetry collars. The two parameters were subsequently modeled as a function of time using iterative analyses of variance (ANOVA). Onset dates for all three seasons were normally distributed with prominent modes. Solid lines indicate peak (population) onset dates for the winter (Jan. 5; n=50), spring dispersal (April 1; n=55), and calving (May 23; n=62) periods. Dotted lines indicate the 95% confidence intervals about the means (peak onset dates) and dashed lines indicate the 95% sample confidence intervals.
Results
Average distances travelled per day (pooled for all individuals and years) are shown in Fig. 3a . Corresponding with the onset of late winter, a significant drop in movement rate was noted to take place in early January. A sudden increase in movement rate in early April corresponded with the onset of spring dispersal, followed by a substantial drop in movement rate which indicated the start of calving in late May. Between January 10 and June 30, the minimum daily average distance was 530 m on March 16 while the maximum daily average distance was 5.93 km on April 21. The maximum distance recorded in one day was 54.6 km by caribou 2003014 on May 9. Average net displacement per day (pooled for all individuals and years) is depicted in Fig. 3b , which reveals a distinct migratory pattern from early April until late May. On average there was little departure from wintering areas until the onset of spring dispersal, at which time animals proceeded to travel consistently further away from their wintering areas, reaching a maximum daily average displacement of 49.3 km from their wintering grounds on June 6. The maximum net displacement recorded for one animal between January 10 and June 15 was 208.8 km by caribou 2003008 on June 09, 2005.
Individual-based models
The distributions of seasonal onset dates determined via individual-based recursive partitioning are shown in (Table 1) .
Winter was the longest season at μ = 78.6 days, followed by spring dispersal at μ = 50.6 days, and finally calving at μ = 20.2 days. Based on the statistics of unique individuals, the longest period observed for winter behaviour was 130 days, for spring dispersal behaviour 80 days, and for calving behaviour 58 days. Minima and maxima were Nov. 9 and February 24 for winter (107 days), March 8 and April 22 for spring dispersal (45 days), and May 6 and June 13 for calving (38 days).
The onset of late winter (2005 vs. 2007 : F = 9.70, P < 0.01) and spring dispersal (2004 vs. 2006 : F = 15.0, P < 0.001) tended to be progressively earlier from 2004 to 2007. This may have been attributed to higher early snowfall (for winter) and/or higher March temperatures (for spring) in latter years. Latitude had no significant influence on onset dates regardless of season. Lastly, although age and experience can influence the timing of ovulation and therefore calving (Bergerud, 1975 ; Table 1 . Peak annual onset dates for the winter, spring dispersal, and calving seasons as determined by individual-based recursive partitioning (2004) (2005) (2006) (2007) . Also shown are sample sizes (n = number of collared caribou from which onset dates were derived), 95% bootstrap confidence intervals (Lower CI, Upper CI), standard errors about the mean estimates, and overall season length. Conventional estimates for spring and winter were outside the respective one-tailed 90% and 95% sample quantiles of the individually-fitted distributions. Analyses were conducted using movement parameters derived from GPS telemetry locations of 26 female woodland caribou in Northern Quebec. Flydal & Reimers, 2002; Langvatn et al., 2004) , morphometric data available for our population was not complete enough to support or refute this.
Population-based model
Adding progressive polynomial terms to the prospective regression model continued to substantially reduce AIC c until a twelfth term was added, at which time the net change in AIC c became positive. Therefore the final population-based model contained eleven polynomial terms and took the following form (jd = Julian day): -20 (jd) 10 -2.60×10 -23 (jd) 11 + Zibi + εi Relative to the fixed intercept, there was considerable variation in the random intercepts for "id" and "year within id" (16.6% and 18.1%, respectively). Solving for x=0 in the second derivative of the fixed effects component of the regression equation allowed us to determine the estimated peak onset dates of the three biological seasons of interest for our study population: late winter (January 20), spring dispersal (March 24) and calving (May 20) (Fig. 5) .
Comparison of Methods
With respect to quantitative methods (individual-vs. population-based), estimates of winter were 16.6 days apart (p = 0.20), with the pooled estimate occurring later (Fig. 6) . Estimates of spring dispersal were 7 days apart (p = 0.21), with the individual-based estimate occurring later. The least difference occurred among estimates of peak onset for calving, with the pooled estimate preceding the individual-based estimate by only 1.6 days.
Estimates of peak winter onset differed greatly between individual-and expert-based (conventional) approaches, with the conventionally defined period occurring close to a full month (26.6 days) later than it was found to occur by recursive partitioning (Fig.  6) . Conventional estimates for the onset of spring dispersal, likewise, preceded the observed mean date by over two weeks (16.9 days). Again the least amount of difference between estimates was observed for peak calving time, with conventional dates preceding individual-based results by just over a week (8.6 days). The conventional estimate for winter was outside the one-tailed 90% sample quantiles of the individuallyfitted distribution; the estimate for spring was outside the one-tailed 95% sample quantiles.
Discussion
By delineating seasonal shifts in movement behaviour using individual-based recursive partitioning, we were able to capture both individual and annual variation in the seasonal onset behaviour of woodland caribou. In terms of individual variation, the onset of calving alone spanned up to 38 days in length from the earliest recorded observation (May 6) to the last (June 13). In terms of annual variation, over three years peak onset varied by up to 20 days for winter, although only 4-5 days for spring and calving. These findings, particularly with respect to calving, corroborate with what has been documented elsewhere for woodland caribou (Bergerud, 1975; Ferguson & Elkie, 2004) , barren-ground caribou (Cameron et al., 1993; Post & Klein, 1999) , and Eurasian reindeer (Eloranta & Nieminen, 1986; Flydal & Reimers, 2002) .
Despite the fact that individually-estimated onset dates were normally distributed with prominent modes for all three seasons, consensus-based estimates of peak onset dates were outside the one-tailed 90% and 95% confidence intervals observed for winter and spring, respectively. This suggests that researchers should use caution when adopting conventionally accepted seasonal periods in biological investigations of seasonal phenomena. As shown by our example, a quantitative approach using pooled data rendered considerably more accurate estimates of peak shifts in seasonal behaviour. In fact, if we had used recursive partitioning on the pooled data instead of polynomial regression, we would have obtained peak estimates roughly identical to the mean values reported from individual-based estimates (Rudolph & Drapeau, unpubl. data) .
Seasonal changes in movement rates have been documented for a great number of species (Moen, 1978; Jingfors, 1982; Garner et al., 1990; Covell et al., 1996; Schneider et al., 2000; Brito, 2003) . By modeling these changes we can derive inflection points marking the boundaries between statistically distinct periods of biological interest. This is typically achieved through some form of non-linear curvefitting, and may be applied to individual (individualbased) or pooled (population-based) distributions. Vander Wal & Rogers (2009), for example, approximated the cumulative annual distance travelled by individual moose with a sigmoidal relationship. Movement rates of woodland caribou, however, tend to be fairly irregular over time, and such trends can be difficult to approximate in a single model formula. We built on Ferguson & Elkie's (2004) use of polynomial regression by adding random intercepts to control for individual and annual variation in move-ment rates, allowing us to identify up to 8 distinct biological seasons using differential calculus. Dyke (2008) obtained similar results for woodland caribou in central Canada, circumventing distributional assumptions using non-parametric LOESS (locally weighted scatterplot smoothing) curves fitted to individual time-series distributions. Disadvantages of this method include sensitivity to the choice of smoothing factor and inability to derive inflection points mathematically. Fieberg & Delgiudice (2008) explored several methods for estimating the timing of migration in white-tailed deer using interval-censored data. For the most part, however, these approaches require advanced computing skills and are unlikely to be used by most wildlife managers (Fieberg & Delguidice, 2008) . Furthermore, time-to-event models require knowledge of when the event (e.g. migration) has occurred, which (in the case of migration) may not be possible for animals that do not have strictly defined summer and winter ranges.
Despite the prevalence of increasingly complex movement models (e.g. Smouse et al., 2010) , we demonstrate a relatively simple quantitative approach to defining biological seasons using iterative analyses of variance (ANOVA) and prior knowledge of species life history. Recursive partitioning works by maximizing the between-groups sums of squares along a temporal gradient; it is non-parametric and may be applied in any circumstance where changes in the movement parameter(s) of a species are known to reflect seasonal shifts in its annual life cycle. It is also fairly robust to missing values (Therneau & Atkinson, 2011) , although it is best used with high-fix GPS telemetry data (>= 1 observation/day). We do not recommend it be used without scrutiny, however, for even with smoothed data stochastic variation is likely to result in more inflection points than are biologically justified, at least at the individual level. For this reason we chose only seasons we were able to distinguish via changes in movement rates, closely supervising candidate splits and retaining only those that made sense from a biological point of view (optionally, users may increase the complexity parameter, or the minimum admissible increase in R 2 , to reduce the number of candidate splits). In parallel we also modeled changes in net displacement to support our final choice of individual onset dates for the beginning and end of spring dispersal. In a similar manner, Shuter (2011) modeled two separate movement parameters -displacement and linearity -to identify seasonal onset dates for woodland caribou in northwestern Ontario using univariate regression trees.
We recognize that many variables can influence seasonal onset behaviour in terrestrial mammals (Monteith et al., 2011) . Accordingly, researchers may wish to consider any number of additional explanatory variables in the model (e.g. temperature, altitude, snow depth, plant phenology, species life-history characteristics). Shuter (2011) , for example, included photoperiod along with Julian day as independent variables. In the case where a fixed temporal window is deemed adequate yet individual variation is still of interest, one may consider obtaining population-level estimates (peak onset dates) using a random effectsexpectation maximization (RE-EM) tree (Galimberti & Montanari, 2002; Sela & Simonoff, 2010) .
Conclusion
Animals such as woodland caribou exhibit marked trends in movement behaviour that reflect seasonal variation in the relative importance of foraging, reproduction, energy conservation, and predator avoidance. For this reason the study of animal space use patterns tends to be inherently seasonal in nature. However, the timing of seasonal events in the life cycle of animals may vary considerably from year to year and/or among individuals. This raises concern as to the prudence of adopting fixed time periods in the analysis of seasonal space use behaviour (e.g. habitat selection), for they may introduce unwanted bias in the form of observations that are not strictly representative of the biological activity under investigation.
Our study provides evidence that dates determined by expert consensus and conventionally used to differentiate seasonal periods may not always be representative of the biological phenomena for which they were intended. We recommend researchers consult the biological signal of their study population using quantitative methods and other first-hand knowledge in order to verify the accuracy of the dates, and consequently the appropriateness of the data, used. Wherever possible, we also recommend varying the temporal window used to extract observations based on individually determined seasonal onset dates (e.g. Apps et al. 2001 ), for doing so should reduce misclassification and potentially erroneous bias in subsequent analyses of habitat selection. 
